SPECIFICATION 



TITLE OF THE INVENTION 

Piezoelectric transformer, piezoelectric transformer 
drive circuit , piezoelectric transformer drive method and cold 
cathode tube drive apparatus using piezoelectric transformer 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a piezoelectric 
transformer, a piezoelectric transformer drive circuit and a 
piezoelectric transformer drive method used for various 
high-voltage generation apparatuses . 

Furthermore, the present invention relates to a cold 
cathode tube drive apparatus using a piezoelectric transformer 
used for various high-voltage generation apparatuses, more 
particularly to a cold cathode tube drive apparatus using a 
piezoelectric transformer having sensor electrodes provided 
independently of primary and secondary electrodes. 

2 . Related art of the Invention 

FIG. B18 shows the structure of a Rosen-type piezoelectric 
transformer, a typical structure of a conventional piezoelectric 
transformer. This piezoelectric transformer has the advantages 
that it can be made more compact than an electromagnetic 
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transformer, is noncombus tible and does not cause noise due to 
electromagnetic induction . 

The portion designated by 1001 is the low impedance portion 
of the piezoelectric transformer and used as an input portion 
in the case when the transformer is used for voltage step-up. 
The low impedance portion 1001 is polarized in a thickness 
direction A. Primary electrodes 1003U and 1003D are disposed 
on the main faces of the low impedance portion in the direction 
the thickness thereof . On the other hand, the portion designated 
by 1002 is a high impedance portion and used as an output portion 
in the case when the transformer is used for voltage step-up. 
The high impedance portion 1002 is polarized in the longitudinal 
direction B. A secondary electrode 1004 is disposed at the end 
face in the longitudinal - direction . 

FIG . B19, detailed later, is a graph showing the 
characteristic of the above-mentioned piezoelectric transformer . 
When the load of the piezoelectric transformer is infinite 
(indicated by a curve PI in FIG. B19) , it is possible to obtain 
a very high step-up ratio in the case when the drive frequency 
of the piezoelectric transformer is equal to the resonance 
frequency thereof . On the other hand , when the load becomes small 
(indicated by a curve P2 in FIG. B19) , the step-up ratio lowers. 
Because of this characteristic, the piezoelectric transformer 
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has been used as the power sources for cold cathode tubes in recent 
years . A cold cathode tube drive apparatus using a piezoelectric 
transformer can efficiently generate a high voltage. However, 
since it can easily generate a high voltage, if the piezoelectric 
trans former is controlled improperly , an overvoltage may generate 
from the piezoelectric transformer, resulting in the breakdown 
of the piezoelectric transformer and the like. To prevent this 
kind of breakdown and the like, it is proposed to provide an 
overvoltage protection circuit for the cold cathode tube drive 
apparatus . 

FIG. B20 is a block diagram showing the configuration of 
a cold cathode tube drive apparatus using a conventional 
piezoelectric transformer. In FIG. B20-, numeral 1193 designates 
a variable oscillation circuit generating an AC drive signal for 
driving a piezoelectric transformer 1200. The output of the 
variable oscillation circuit 1193 is usually a pulse waveform 
signal. The high-frequency components of the pulse waveform 
signal is eliminated by a waveform shaping circuit 1191, whereby 
the pulse waveform signal is converted into an AC signal close 
to a sine wave signal . The output of the waveform shaping circuit 
1191 is voltage-amplified to a level enough to drive the 
piezoelectric transformer 1200 by a drive circuit 1192 and input 
to the primary electrode (indicated by 1003U in FIG . B18) of the 
piezoelectric transformer 1200. The output voltage stepped up 
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by the piezoelectric effect of the piezoelectric transformer 1200 
is taken out from its secondary electrode (indicated by 1004 in 
FIG. B18) . 

The high voltage output from the secondary electrode is 
applied to a series circuit comprising a cold cathode tube 1197 
and a feedback resistor 1198 and to an overvoltage protection 
circuit portion 1190 . In the overvoltage protection portion 1190 , 
a voltage divider circuit comprising voltage division resistors 
1199a and 1199b divides the high voltage output from the secondary 
electrode of the piezoelectric transformer 1200. A comparison 
circuit 1195 compares the voltage divided by the voltage divider 
circuit with a set value Vrefl and generates an error voltage. 
The error voltage output from the comparison circuit 1195 is 
applied to an oscillation control circuit 1194. The oscillation 
control circuit 1194 controls the variable oscillation circuit 
119 3 so that the high voltage output from the secondary electrode 
of the piezoelectric transformer 12 00 is equal to Vrefl x (electric 
resistance value of the resistor 1199a + electric resistance value 
of the resistor 1199b) / electric resistance value of the resistor 
1199a. The oscillation control circuit 1194 does not accept the 
output from the overvoltage protection circuit 1190 while the 
cold cathode tube 1197 is lit. 

Furthermore, the voltage (current detection value) 
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generated across the feedback resistor 1198 by the current flowing 
through the series circuit comprising the cold cathode tube 1197 
and the feedback resistor 1198 is applied to a comparison circuit 
1196 . The comparison circuit 1196 compares the current detection 
value with a set value Vref2 and outputs an error voltage. The 
error voltage output from the comparison circuit 1196 is applied 
to the oscillation control circuit 1194. The variable 
oscillation circuit 1193 is controlled by the oscillation control 
circuit 1194 so that a nearly constant current flows through the 
cold cathode tube 1197. 

As described above, the oscillation control circuit 1194 
operates on the basis of the output from the comparison circuit 
1195 before the lighting start of the- cold cathode tube 1197, 
and the oscillation control circuit 1194 operates on the basis 
of the output from the comparison circuit 1196 while the cold 
cathode tube 1197 is lit. 

In this way, the cold cathode tube 1197 is lit stably. 
Even if the resonance frequency is changed depending on the change 
in the load of the piezoelectric transformer , ambient temperature 
and the like, the drive frequency can follow the resonance 
frequency automatically by driving the cold cathode tube 1197 
using the above-mentioned drive apparatus. 
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Next, the operation of this drive apparatus will be 
described referring to FIG . B19 . FIG . B19 is a graph showing 
the operation characteristic of the piezoelectric transformer. 
As clearly shown in FIG. B19, the step-up ratio has the maximum 
value at the resonance frequency according to the operation 
characteristic of thepiezoelectric transformer . Usually, drive 
control is carry out by using a frequency higher than the resonance 
frequency of the piezoelectric transformer. 

When driving the piezoelectric transformer, its drive 
frequency is set at a frequency (fa) higher than the resonance 
frequency at the time of start. When the voltage divided by the 
voltage division resistors 1199a and 1199b is smaller than the 
set voltage Vrefl, the drive frequency is lowered close to the 
resonance frequency by the oscillation control circuit 1194 and 
the variable oscillation circuit 1193 . When the drive frequency 
is close to the resonance frequency, the step-up ratio of the 
piezoelectric transformer increases , and its output voltage rises 
When the output voltage reaches the lighting start voltage (Vb) 
of the cold cathode tube 1197, the cold cathode tube 1197 is lit. 
As a result, the load of the piezoelectric transformer lowers 
from an infinite value to about several hundred kQ . Therefore, 
the operation characteristic of the piezoelectric transformer 
shifts from the curve PI to curve P2 . 
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Accordingly, the operation of the oscillation control 
circuit 1194 is shifted from the operation depending on the output 
of the comparison circuit 1195 to the operation depending on the 
output of the comparison circuit 1196. Furthermore, the output 
of the piezoelectric transformer shifts from Vb to Va although 
the frequency fb remains the same. If the current detection value 
generated by the feedback resistor 1198 is smaller than the set 
value Vref2 at this time, the drive frequency is lowered until 
the current detection value reaches the set value, whereby the 
step-up ratio of the piezoelectric transformer is raised thereby 
to increase the current flowing through the cold cathode tube 
1197 . On the other hand, if the current detection value generated 
by the feedback resistor 1198 is larger than the set value Vref2, 
the drive frequency is raised, whereby the step-up ratio of the 
piezoelectric transformer is lowered thereby to decrease the 
current flowing through the cold cathode tube 1197 . In this way, 
the piezoelectric transformer is controlled so that the current 
detection value generated by the feedback resistor 1198 is equal 
to the set value Vref 2 . 

If the cold cathode tube 1197 is not lit even when the 
output voltage reaches the lighting start voltage (Vb) , in other 
words, if the current detection value generated by the feedback 
resistor 1198 remains zero even when the voltage value obtained 
by dividing the output voltage of the piezoelectric transformer 
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1200 by the voltage division resistors 1199a and 1199b reaches 
the set value Vref 1 , the overvoltage protection circuit 1190 stops 
frequency sweep at the variable oscillation circuit 1193 via the 
oscillation control circuit 1194. This prevents the 
piezoelectric transformer 1200 from breaking , and also prevents 
an overvoltage from generating from the piezoelectric transformer 
1200 . 

The current flowing through the cold cathode tube is 
controlled and the piezoelectric transformer is protected against 
overvoltages by configuring the cold cathode tube drive apparatus 
using the piezoelectric transformer as described above. 

In the above-mentioned conventional piezoelectric 
transformer, the step-up " ratio differs greatly depending on 
whether the cold cathode tube 1197 is at the time of start 
(non-lighting) or at the time of stable operation (lighting) . 
Since the step-up ratio at the time of start of the cold cathode 
tube 1197 is far larger than that at the time of stable operation, 
the transformer can easily output a high voltage. In order to 
use the high voltage, the overvoltage protection circuit 1190 
is configured in parallel with the series circuit comprising the 
cold qathode tube 1197 and the feedback resistance 1198, wherein 
overvoltage protection is carried out by feeding back a voltage 
proportional to the output voltage from the voltage division 
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resistors 1199a and 1199b connected to the secondary electrode 
of the piezoelectric transformer 1200. 

However, in this kind of conventional overvoltage 
protection circuit, a high voltage is divided and the voltage 
obtained by the division is fed back . Therefore , if the resistance 
values of the voltage division resistors 1199a and 1199b 
constituting the voltage divider circuit are lowered , the load 
of the piezoelectric transformer 1200 decreases, whereby the 
step-up ratio required to light the cold cathode tube 1197 cannot 
be obtained. Furthermore, a current is consumed unnecessarily 
by the voltage division resistors 1199a and 1199b. Because of 
these problems, the resistance values of the voltage division 
resistors 1199a and 1199b are required to be sufficiently large. 
As a result, the detection voltage cannot be obtained accurately 
because of variations in resistance values, parasitic 
capacitances to a PC board and the like, whereby the overvoltage 
protection circuit may malfunction. 

Furthermore, if the voltage required to light the cold 
cathode tube 1197 increases, the voltages for feedback applied 
to the voltage division resistors 1199a and 1199b also increase 
greatly. Accordingly, a sufficient creepage distance must be 
provided for a PC board to conform to safety standards, thereby 
causing a problem of making the circuit larger. 
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In addition, Japanese Laid-open Patent Application No. 
Hei 9-9640 discloses a drive apparatus wherein a current IL flowing 
through a load RL is detected by a current detection means 1168 , 
the result of this detection is compared with a brightness set 
voltage VI, an error voltage obtained as the result of the 
comparison is filtered and phase-compensated by an integrator 
1162 , voltage/frequency conversion is perf ormedby a V-F converter 
1163, and a piezoelectric transformer 1161 is driven by a drive 
means 1167 to control the current flowing through the load RL 
as shown in FIG. B17 . This drive apparatus is configured so that 
a surge clamper 1169 is connected to the output of the piezoelectric 
transformer 1161 in parallel with the load RL to prevent the 
overload protection circuit from malfunctioning . However , even 
in this case, the output~from the secondary high voltage portion 
is fed back. Therefore, it is necessary to route high-voltage 
lines on the PC board. As a result, this configuration causes 
problems of possible malfunctions owing to stray capacitances, 
insufficient creepage distances and the like. 

Furthermore, Japanese Laid-open Patent Application No. 
Hei 11-68185 has proposed a configuration wherein a part of the 
primary multilayer portion of a piezoelectric transformer is used 
as a feedback electrode. However, this feedback electrode is 
used to simplify the drive circuit . Therefore, this is insufficient 
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as a countermeasure for the overvoltage protection for the 
piezoelectric transformer . 

In view of the problems encountered in the above-mentioned 
conventional piezoelectric transformers , an obj ect of the present 
invention is to provide a piezoelectric transformer, a 
piezoelectric transformer drive circuit, a piezoelectric 
transformer drive method and a cold cathode tube drive apparatus 
using piezoelectric transformer capable of carrying out 
overvoltage protection at a voltage lower than a value used 
conventionally . 

SUMMARY OF THE INVENTION 

The 1 st invention of thepresent invention is a piezoelectric 
transformer comprising : 

a piezoelectric substrate mainly formed of a piezoelectric 

material , 

primary electrodes which are formed on said piezoelectric 
substrate and to which a voltage is applied, 

a secondary electrode which is formed on saidpiezoelectric 
substrate and from which a voltage higher than the voltage applied 
to said primary electrode is output, and 

a third electrode which is formed on said piezoelectric 
substrate and from which a voltage lower than the voltage output 
from said secondary electrode is output. 
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The 14 th invention of the present invention is a 
piezoelectric transformer drive circuit comprising: 

a piezoelectric transformer for outputting a voltage input 
to a primary terminal froma secondary terminal by virtue of a 
piezoelectric effect, said piezoelectric transformer having a 
sensor electrode for detecting a voltage lower than the output 
voltage from said secondary terminal, 

a drive circuit for driving said piezoelectric 
transformer , 

a variable oscillation circuit for supplying a desired 
frequency and a desired voltage from said drive circuit to said 
piezoelectric transformer , 

a discharge tube, the input terminal of which receives 
the output voltage of saidpiezoelectric transformer and the output 
terminal of which is connected to a feedback resistor, 

an overvoltage protection circuit for detecting the output 
voltage from said sensor electrode, for comparing said output 
voltage with a first reference voltage and for outputting the 
result of the comparison, 

comparison means for comparing the voltage value of said 
feedback resistor with a second reference voltage so that the 
current flowing through said discharge tube becomes constant and 
for outputting the result of the comparison, 

a frequency control circuit for controlling the drive 
frequency of said piezoelectric transformer on the basis of the 
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result of the comparison from said overvoltage protection circuit 
before the lighting start of said discharge tube or for controlling 
the drive frequency of saidpiezoelectric transformer on the basis 
of the result of the comparison from said comparison means while 
said discharge tube is lit. 

The 15 th invention of the present invention is a 
piezoelectric transformer drive method for outputting a voltage 
input to a primary terminal from a secondary terminal by virtue 
of a piezoelectric effect, wherein: 

a voltage is detected from a third electrode which is 
provided on said piezoelectric transformer to output a voltage 
lower than the output voltage of said secondary terminal, and 

the result of said detection is used for overvoltage 
protection for the output voltage of said secondary terminal of 
said piezoelectric transformer. 

As described above, the piezoelectric transformer of the 
present invention is, for example, a piezoelectric transformer, 
provided with a sensor electrode as an example of the third 
electrode in a part of the piezoelectric transformer, carries 
out protection against opening at a relatively low output voltage 
and also carries out feedback by using the output from the sensor 
electrode . 

The 1 6 rh invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer 
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comprising: 

a piezoelectric transformer for stepping up the voltage 
input from a primary electrode by a piezoelectric effect, for 
outputting the stepped-up voltage from a secondary electrode and 
for outputting a detection voltage in proportion to the output 
voltage from a sensor electrode, 

a piezoelectric transformer drive portion for generating 
an AC voltage, the frequency of which is variable, for amplifying 
said AC voltage to a predetermined level and for supplying the 
amplified voltage to said piezoelectric transformer, 

a cold cathode tube driven by the output voltage from said 
secondary electrode of said piezoelectric transformer, 

a resistor for detecting the current flowing through said 
cold cathode tube as a voltage, 

an oscillation control circuit for controlling the 
frequency of said AC voltage output from said piezoelectric 
transformer drive portion on the basis of said voltage detected 
by said resistor so that the current flowing through said cold 
cathode tube becomes a predetermined value, 

an overvoltage protection circuit for controlling the 
frequency of said AC voltage output from said piezoelectric 
transformer drive portion on the basis of said detection voltage 
from said sensor electrode via said oscillation control circuit 
before the lighting start of said cold cathode tube and for stopping 
the frequency control of said AC voltage output from said 
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piezoelectric transformer drive portion in the case when said 
detection voltage from said sensor electrode exceeds a 
predetermined value . 

The 17 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 16 th invention, wherein said piezoelectric 
trans former has saidprimary electrodes and said sensor electrodes 
disposed opposite to each other so as to form a polarized structure 
in the direction of the thickness of a piezoelectric element, 
has said secondary electrode disposed so as to form a polarized 
structure in the longitudinal direction of said piezoelectric 
element, and steps up the input voltage applied to said primary 
electrode to obtain an output voltage from said secondary electrode 
and to obtain a detection voltage in proportion to said output 
voltage from said sensor " electrode . 

The 1 8 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 16 th invention, wherein said piezoelectric 
transformer is characterized in that in a first region in the 
longitudinal direction of a piezoelectric element, a first 
electrode is disposed on one of the surfaces in the direction 
of the thickness, a second electrode and a third electrode are 
disposed in sequence from said first electrode in said direction 
of the thickness inside said piezoelectric element, a fourth 
electrode is disposed on the other surface of said piezoelectric 
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element opposite to said surface so that said electrodes are 
disposed opposite to each other at predetermined distances and 
close, to one of the end faces of said piezoelectric element in 
the longitudinal direction thereof, and a fifth electrode is 
disposed on the other end face opposite to said end face, and 
also characterized in that in a second region in the longitudinal 
directionof saidpiezoelectric element, a polarization structure 
is formed in the longitudinal direction of said piezoelectric 
element, said first and second electrodes are used as said 
primarily electrodes, said third and fourth electrodes are used 
as said sensor electrodes, said fifth electrode is used as said 
secondary electrode , and the input voltage applied to said primary 
electrode is step up to obtain an output voltage from said secondary 
electrode and to obtain a detection voltage in proportion to said 
output voltage from said" sensor electrode. 

The 19 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 16 th invention, wherein said piezoelectric 
transformer drive portion comprises: 

an electromagnetic transformer having a primary winding 
to which said DC power source is supplied and a secondary winding 
connected to said primary electrode of said piezoelectric 
transformer, for stepping up said AC voltage and for supplying 
the stepped-up voltage to said piezoelectric transformer, and 

a switching circuit for controlling the frequency of said 
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AC voltage supplied to saicipiezoelectric transformer by switching 
said DC voltage supplied to said primary winding of said 
electromagnetic transformer . 

The 20~ h invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 17 th invention, wherein said piezoelectric 
transformer drive portion comprises: 

an electromagnetic transformer having a primary winding 
to which said DC power source is supplied and a secondary winding 
connected to said primary electrode of said piezoelectric 
transformer, for stepping up said AC voltage and for supplying 
the stepped-up voltage to said piezoelectric transformer, and 

a switching circuit for controlling the frequency of said 
AC voltage supplied to saidpiezoelectric transformer by switching 
said DC voltage supplied to said primary winding of said 
electromagnetic transformer. 

The 21 st invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 18 th invention, wherein said piezoelectric 
transformer drive portion- comprises: 

an electromagnetic transformer having a primary winding 
to which said DC power source is supplied and a secondary winding 
connected to said primary electrode of said piezoelectric 
transformer, for stepping up said AC voltage and for supplying 
the stepped-up voltage to said piezoelectric transformer, and 
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a switching circuit for controlling the frequency of said 
AC voltage supplied to saidpiezoelectric transformer by switching 
said DC voltage supplied to said primary winding of said 
electromagnetic transformer. 

The 22 nd invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 19 th invention, wherein said electromagnetic 
transformer is formed of first and second electromagnetic 
transformers, said switching circuit is provided with first and 
second switching transistors connected to the primary windings 
of said first and second electromagnetic transformers 
respectively, and said first and second electromagnetic 
transformers are used in series or parallel to drive said 
piezoelectric transformer. 

The 23 rd invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 2 0 th invention, wherein said electromagnetic 
transformer is formed of first and second electromagnetic 
transformers, said switching circuit is provided with first and 
second switching transistors connected to the primary windings 
of said first and second electromagnetic transformers 
respectively, and said first and second electromagnetic 
transformers are used in series or parallel to drive said 
piezoelectric transformer . 

The 2 4 th invention of the present invention is a cold cathode 
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tube drive apparatus using a piezoelectric transformer in 
accordance with the 21 st invention, wherein said electromagnetic 
transformer is formed of first and second electromagnetic 
transformers, said switching circuit is provided with first and 
second switching transistors connected to the primary windings 
of said first and second electromagnetic transformers 
respectively, and said first and second electromagnetic 
transformers are used in series or parallel to drive said 
piezoelectric transformer . 

The 25 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 22 nd invention , wherein the AC voltage supplied 
from one of said first and second electromagnetic transformers 
to said piezoelectric transformer is used as a reference voltage , 
and said piezoelectric transformer is driven on the basis of the 
difference value between said detection voltage from said sensor 
electrode and said reference voltage. 

The 2 6 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 23 rd invention , wherein the AC voltage supplied 
from one of said first and second electromagnetic transformers 
to said piezoelectric transformer is used as a reference voltage , 
and said piezoelectric transformer is driven on the basis of the 
difference value between said detection voltage from said sensor 
electrode and said reference voltage. 
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The 27 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 24 th invention , wherein the AC voltage supplied 
from one of said first and second electromagnetic transformers 
to said piezoelectric transformer is used as a reference voltage , 
and said piezoelectric transformer is driven on the basis of the 
difference value between said detection voltage from said sensor 
electrode and said reference voltage. 

The 2 8 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with any one of the 17 th , 20 th and 23 rd inventions , wherein 
said piezoelectric transformer is driven in the primary mode of 
vertical vibration in the longitudinal direction by an AC voltage 
signal, the half-wave length of which is equal to the length of 
said piezoelectric transformer in the longitudinal direction 
thereof . 

The 29 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with any one of the 1 8 th , 2 1 st and 2 4 th inventions , wherein 
said piezoelectric transformer is driven in the primary mode of 
vertical vibration in the longitudinal direction by an AC voltage 
signal, the half-wave length of which is equal to the length of 
said piezoelectric transformer in the longitudinal direction 
thereof . 

The 30 th invention of the present invention is a cold cathode 
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tube drive apparatus using a piezoelectric transformer in 
accordance with any one of the 17 th to 20 th inventions, wherein 
said piezoelectric transformer is driven in the secondary mode 
of vertical vibration in the longitudinal direction by an AC 
voltage signal, the one wavelength of which is equal to the length 
of said piezoelectric transformer in the longitudinal direction 
thereof . 

The 31 st invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with any one of the 16 th to 18 th inventions, wherein 
said oscillation control circuit is provided with a switching 
device for selectively controlling the frequency of said AC voltage 
output from said variable oscillation circuit on the basis of 
said detection voltage from said sensor electrode before the 
lighting start of said cold cathode tube or on the basis of the 
detection voltage by said resistor after the lighting start of 
said cold cathode tube. 

The 32 nd invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with any one of "the 16 th to 20 th , 22 nd and 23 rd inventions , 
wherein a voltage divider circuit comprising resistors is 
connected to said sensor electrode of said piezoelectric 
transformer, and the output of said voltage divider circuit is 
used as said detection voltage from said sensor electrode. 

The 33 rd invention of the present invention is a cold cathode 
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tube drive apparatus using a piezoelectric transformer in 
accordance with the 2 8 th invention, wherein a voltage divider 
circuit comprising resistors is connected to said sensor electrode 
of said piezoelectric transformer , and the output of said voltage 
divider circuit is used as said detection voltage from said sensor 
electrode . 

The 34 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 29 th invention, wherein a voltage divider 
circuit comprising resistors is connected to saidsensor electrode 
of said piezoelectric transformer , and the output of said voltage 
divider circuit is used as said detection voltage from said sensor 
electrode . 

The 35 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 3 0 th invention, wherein a voltage divider 
circuit comprising resistors is connected to said sensor electrode 
of said piezoelectric transformer , and the output of said voltage 
divider circuit is used as said detection voltage from said sensor 
electrode . 

The 3 6 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 31 st invention, wherein a voltage divider 
circuit comprising resistors is connected to saidsensor electrode 
of said piezoelectric transformer , and the output of said voltage 
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divider circuit is used as said detection voltage from said sensor 
electrode . 

The 37 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with any one of the 16 th to 18 th inventions, wherein 
the load connected to said sensor electrode is determined so that 
the relationship between the output capacitance of said 
piezoelectric transformer and said load connected to said 
secondary electrode is equal to the relationship between the 
capacitance between said sensor electrodes disposed opposite to 
each other and said load connected to said sensor electrode. 

The 38 th invention of the present invention is a cold cathode 
tube drive apparatus using a piezoelectric transformer in 
accordance with the 37 th invention, wherein said load connected 
to said sensor electrode has at least double the resistance value 
of the impedance calculated by 1/ (2 x it x fd x Cs) , wherein the 
capacitance between the pair of said sensor electrodes is Cs and 
the resonance frequency of said piezoelectric transformer is fd. 

With the above-mentioned configuration, it is possible 
to attain a compact, highly efficient, highly reliable drive 
apparatus by not routing high-voltage lines to the protection 
circuit and by preventing malfunctions due to unnecessary 
vibration of the piezoelectric transformer at the time of 
protecting the piezoelectric transformer against overvoltages . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing the structure of a 
piezoelectric transformer in accordance with a first embodiment 
of the present invention; 

FIG . 2 is a diagram showing the lumped parameter equivalent 
circuit of the piezoelectric transformer shown in FIG. 1; 

FIG. 3 is a block diagram showing a piezoelectric 
transformer drive circuit in accordance with the present 
invention; 

FIGS . 4A and 4B are graphs showing the operation 
characteristics of the piezoelectric transformer shown in FIG. 
1 , respectively ; 

FIG. 5 is a perspective view showing a structure of a 
piezoelectric transformer in accordance with a second embodiment 
of the present invention; 

FIG. 6 is a diagram showing the equivalent circuit of the 
piezoelectric transformer shown in FIG. 5; 

FIGS . 7A and 7B aire perspective views showing another 
structure of the piezoelectric transformer in accordance with 
the second embodiment of the present invention; 

FIG. 8 is a diagram showing the displacement distribution 
and stress distribution of the rod-like resonator in the secondary 
mode of vertical vibration in the longitudinal direction; 

FIG. 9 is a perspective view showing a still another 
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structure *of the piezoelectric transformer in accordance with 
the second embodiment of the present invention; 

FIG. 10 is a diagram showing the displacement distribution 
and stress distribution of the rod-like resonator in the primary 
mode of vertical vibration, in the longitudinal direction; 

FIGS. 11A and 11B are views showing a structure of a 
piezoelectric transformer in accordance with a third embodiment 
of the present invention; 

FIGS. 12A and 12B are views showing another structure of 
the piezoelectric transformer in accordance with the third 
embodiment of the present invention; 

FIGS . 13A and 13B are views showing still another structure 
of the piezoelectric transformer in accordance with the third 
embodiment of the present invention; 

FIGS. 14A and 14B are views showing a structure of a 
piezoelectric transformer in accordance with a fourth embodiment 
of the present invention; 

FIG. 15 is a sectional view showing another structure of 
the piezoelectric transformer in accordance with the fourth 
embodiment of the present invention; and 

FIG . 16 is a sectional view showing still another structure 
of the piezoelectric transformer in accordance with the fourth 
embodiment of the present invention. 

FIG. 17 is a perspective view showing amodif ication example 
of the structure of the piezoelectric transformer in accordance 
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with the first embodiment of the present invention; and 

FIG . 18 is a perspective view showing another modification 
example of the structure of the piezoelectric transformer in 
accordance with the first embodiment of the present invention. 

FIG. Bl is a block diagram showing a cold cathode tube 
drive apparatus using a piezoelectric transformer in accordance 
with a B first embodiment of the present invention; 

FIG. B2A is. a perspective view showing the structure of 
the piezoelectric transformer in accordance with the present 
embodiment, and FIG. B2B is a front view of the piezoelectric 
transformer ; 

FIG. B3 is a diagram showing the lumped parameter 
appropriate equivalent circuit of the piezoelectric transformer 
shown in FIG. B2 ; 

FIG. B4 is a graph showing the operation characteristic 
of the piezoelectric transformer shown in FIG . B2 ; 

FIG. B5 is a block diagram showing a cold cathode tube 
drive apparatus using a piezoelectric transformer in accordance 
with a B second embodiment of the present invention; 

FIG. B6 is a block diagram showing the periphery of the 
piezoelectric transformer drive portion of a cold cathode tube 
drive apparatus using a piezoelectric transformer in accordance 
with a B third embodiment of the present invention; 

FIG. B7 is a graph showing the displacement distribution 
and the stress distribution in the primary mode of vertical 
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vibration in the longitudinal direction of a piezoelectric 
element ; 

FIG. B8 is a block diagram showing the periphery of the 
piezoelectric transformer drive portion of a cold cathode tube 
drive apparatus using a piezoelectric transformer in accordance 
with a B fourth embodiment of the present invention; 

FIG. B9 is a graph showing the displacement distribution 
and the stress distribution in the secondary mode of vertical 
vibration in the longitudinal direction of a piezoelectric 
element ; 

FIG. BIO is a graph showing the step-up ratios at the 
secondary and sensor electrodes of the piezoelectric transformer 
before the lighting start of the cold cathode tube in the case 
when the load resistance of the sensor- electrode is small; 

FIG. Bll is a graph showing the step-up ratios at the 
secondary and sensor electrodes of the piezoelectric transformer 
afrer the lighting start of the cold cathode tube in the case 
when the load resistance of the sensor electrode is small; 

FIG. B12 is a graph showing the step-up ratios at the 
secondary and sensor electrodes of the piezoelectric transformer 
before the lighting start of the cold cathode tube in the case 
when the load resistance of the sensor electrode is large in 
accordance with a B fifth embodiment of the present invention; 

FIG. B13 is a graph showing the step-up ratios at the 
secondary and sensor electrodes of the piezoelectric transformer 
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after the lighting start of the cold cathode tube in the case 
when the load resistance of the sensor electrode is large in 
accordance with the B fifth embodiment of the present invention; 

FIG. B14 is a graph showing the relationship between the 
load of the sensor electrode and the difference between the 
frequency at the peak of the step-up ratio at the secondary 
electrode and that at the sensor electrode; 

FIG. B15 is a block diagram showing the periphery of the 
piezoelectric transformer drive portion of a cold cathode tube 
drive apparatus using a piezoelectric transformer in accordance 
with a B sixth embodiment of the present invention; 

FIG. B16 is a view showing another structure of the 
piezoelectric transformer of the present invention; 

FIG. B17 is a block diagram showing an example of a 
conventional drive apparatus using a surge clamper as a 
piezoelectric transformer protection circuit; 

FIG. B18 is a perspective view showing the structure of 
a Rosen-type piezoelectric transformer as an example of a 
conventional piezoelectric transformer ; 

FIG. B19 is a graph showing the operation characteristic 
of the piezoelectric transformer shown in FIG. B18; and 

FIG. B20 is a block diagram showing an example of a cold 
cathode tube drive apparatus using a conventional piezoelectric 
transformer having no sensor electrode. 
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[DESCRIPTION OF REFERENCE Numerals] 

1 low impedance portion 

2 high impedance portion 

3 sensor portion 

50 overvoltage protection portion 
101U, 101D primary electrodes 

102 secondary electrode 

103 sensor electrode 

503U, 503D sensor electrodes 
109 piezoelectric element 

1010 overvoltage protection circuit 

1011 piezoelectric transformer drive circuit 
1014 oscillation control circuit 

1017 cold cathode tube ■ 

1018 feedback resistor 

1019a, 1019b voltage division resistors 
1020 piezoelectric transformer 
1021U, 1021D primary electrodes 
1023U, 1023D sensor electrodes 
1022 secondary electrode - 

1025 low impedance portion 

1026 high impedance portion 
1029 piezoelectric element 
1056 difference circuit 

1062a, 1062b electromagnetic transformer 
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1063a, 1063b switching transistors 

PREFERRED EMBODIMENTS OF THE INVENTION 

Embodiments of the present invention will be described below . 

(EMBODIMENT 1) 

FIG. 1 is a perspective view showing the structure of a 
first embodiment of the piezoelectric transformer in accordance 
with the present invention. 

The piezoelectric transformer used for the present 
embodiment is formed of a piezoelectric material exhibiting a 
piezoelectric property, such as PZT, and the voltage applied to 
its primary electrode is multiplied by a step-up ratio and taken 
out from its secondary electrode. Numeral 1 designates a low 
impedance portion, and numerals 101U and 101D designate primary 
electrodes. Numeral 2 designates a high impedance portion. One 
of the secondary electrodes, 102, is provided on the end face 
of the high impedance portion, and the other is shared with the 
primary electrode 101D . A sensor electrode 103 is formed between 
the secondary electrode 102 and the other secondary electrode 
(the primary electrode 101D) . As shown in FIG. 1, this 
piezoelectric transformer is electrically connected form the 
primary electrodes 101U and 101D provided on the top and bottom 
main faces of the low impedance portion, from the secondary 
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electrode 102 provided on the end face of the piezoelectric 
transformer and from the sensor electrode 103. 

The sensor electrode 103 formed at the high impedance 
portion is provided in a belt form around the piezoelectric 
transformer . However , a similar effect can also be obtained even 
when the sensor electrode 103 is formed on the opposite main faces 
in the direction of the thickness (the same faces on which the 
primary electrodes 101U and 10 ID are formed) or even when the 
sensor electrode 103 is formed on the main opposite faces in the 
direction of the width. Furthermore, in FIG. 1, the other 
secondary electrode is shared with the primary electrode 101D. 
However, the structure of the piezoelectric transformer is not 
limited to this. For example, the other secondary electrode may 
be formed on one of the opposite main faces in the direction of 
the thickness or may be formed independently at a position between 
the primary electrodes and the sensor electrode 103. 

A third electrode in accordance with the present invention 
corresponds to the sensor electrode. 

The operation of the piezoelectric transformer configured 
as described above will be described below. 

The lumped parameter approximate equivalent circuit at 
a frequency near the resonance frequency of the piezoelectric 
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transformer is shown in FIG . 2. In FIG. 2, Cdl and Cd2 are bound 
capacitances on the input and output sides respectively. Cd3 
is the bound capacitance of the sensor portion. Al (on the input 
side) and A2 (on the output side) are force factors, A3 is the 
force factor of the sensor portion, m is an equivalent mass, C 
is an equivalent compliance, and Rm is an equivalent mechanical 
resistance. In the piezoelectric transformer of the present 
embodiment, the force factor Alls larger than A2 (A3) . Thevoltage 
is stepped up by the two equivalent ideal transformers shown in 
FIG. 2. Furthermore, since the piezoelectric transformer 
includes a series resonance circuit comprising an equivalent mass 
and an equivalent compliance, the output voltage becomes larger 
than that obtainedby the transformation ratios of the transformers 
particularly when the value of a load resistance is large. The 
output from the sensor electrode is represented by the output 
from the intermediate tap of the ideal transformer having the 
force factor A2 in the equivalent circuit. 

Next, a drive circuit using the piezoelectric transformer 
shown in FIG. 1 will be described referring to FIG. 3. FIG. 3 
is a block diagram showing the basic configuration of a 
piezoelectric inverter in accordance with the present invention. 
In FIG. 3, numeral 43 designates a variable oscillation circuit 
generating an AC drive signal for driving a piezoelectric 
transformer 40. The output of the variable oscillation circuit 
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43 is usually a pulse waveform signal. The high-frequency 
components of the signal are removed by a waveform shaping circuit 
41, and its output is converted into an AC signal close to a sine 
waveform. The output of" the waveform shaping circuit 41 is 
voltage-amplified by a drive circuit 42 to have a level sufficient 
to drive the piezoelectric transformer 40 and input to the primary 
electrode 101U of the piezoelectric transformer 40. The output 
voltage stepped by the piezoelectric effect of the piezoelectric 
transformer 40 is taken out from the secondary electrode 102. 

The high voltage output from the secondary electrode 102 
is applied to a series circuit comprising a cold cathode 
fluorescent tube 47 and a feedback resistor 48. In addition, 
the output from the sensor electrode 103 is applied to an 
overvoltage protection ' circuit portion 50. The overvoltage 
protection circuit portion 50 has a comparison circuit 45 to 
compare the voltage generating across a voltage division resistor 
49b with a first reference voltage Vref 1 (set voltage) . In other 
words, the overvoltage protection circuit portion 50 outputs the 
result of the comparison to an oscillation control circuit 44 
to prevent the high voltage output from the secondary electrode 
of the piezoelectric transformer from becoming higher than the 
set voltage before the lighting start of the cold cathode 
fluorescent tube 47 . The oscillation control circuit 44 carries 
out overcurrent protection operation on the basis of the output 



- 33 - 



from the comparison circuit 45 before the lighting start of the 
cold cathode fluorescent tube. 

Furthermore, while the cold cathode fluorescent tube 47 
is lit, the voltage generating across the feedback resistor 48 
owing to the current flowing through the series circuit comprising 
the cold cathode tube 47 and the feedback resistance 48 is applied 
to a comparison circuit 46 , and the output of the comparison circuit 
46 is applied to the oscillation control circuit 44 . As a result, 
the oscillation control circuit 44 controls the variable 
oscillation circuit 43 so that a nearly constant current flows 
through the cold cathode fluorescent tube 47 . 

In other words , before the lighting start of the cold cathode 
tube 47, the oscillation control circuit 44 operates on the basis 
of the output from the comparison circuit 45, and while the cold 
cathode tube 47 is lit , the oscillation control circuit 44 operates 
on the basis of the output from the comparison circuit 46. 

The operation of the piezoelectric inverter configured 
as described above will be described below referring to FIG. 4. 
FIGS . 4A and 4B show the operation characteristics of the 
piezoelectric transformer. The abscissa thereof represents 
frequency, and the ordinate represents step-up ratio. FIG. 4A 
shows the operation characteristics of the piezoelectric 
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transformer of the present embodiment in the lighting state of 
the cold cathode tube. In addition, FIG. 4B shows the operation 
characteristics of the piezoelectric transformer of the present 
embodiment before the lighting of the cold cathode tube. Tl 
designates the output characteristic of the piezoelectric 
transformer, and SI designates the output characteristic of the 
sensor electrode. The output of the sensor electrode is about 
0 . 6 times as high as the secondary output . The resonance frequency 
and the inclinations of the curves of the output of the sensor 
electrode are nearly identical to those of the output 
characteristics of the piezoelectric transformer. 

In the block diagram of the drive circuit shown in FIG . 
3 f the voltage applied to the cold cathode tube in the initial 
state before the lighting start is a high voltage corresponding 
to the voltage of the curve Tl in FIG. 4B . In addition, the drive 
frequency is loweredprogressively to increase the output voltage . 
When the lighting voltage of the cold cathode tube is reached, 
the cold cathode tube is lit. At this time, the output from the 
sensor electrode becomes the voltage corresponding to the voltage 
of the curve SI. When the cold cathode tube is lit, the operation 
characteristic curve of the piezoelectric transformer shifts to 
the curve of FIG. 4A, and control is carried out so that a 
predetermined tube current can be obtained. 
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At this time, if the cold cathode tube is not lit even 
when the lighting start voltage is reached, the load of the 
piezoelectric transformer becomes virtually infinite. As the 
drive frequency lowers , the voltage corresponding to the frequency 
of the curve Tl of FIG . 4B is output. At the time of the lighting 
start , the output voltage from the sensor electrode corresponding 
to the curve SI is detected and compared with the set voltage 
by the comparison circuit 45. The drive frequency is lowered 
until the output voltage from the sensor electrode becomes the 
set value thereby to increase the output voltage. However, when 
the output voltage reaches the set value, the frequency control 
circuit 44 stops frequency sweep depending on the output of the 
voltage comparison circuit 45 and fixes the drive frequency at 
the value corresponding to the voltage value. 

In addition, the overvoltage protection circuit portion 
50 stops operation while the cold cathode tube is lit, and a tube 
current control circuit (corresponding to the comparison circuit 
46 and the feedback resistor 48 in FIG. 3) is used for operation. 

In the present embodiment, the secondary electrode is 
formed on the end face of a rectangular plate. However, it may 
be formed near the end face. 

Furthermore, in the present embodiment , the piezoelectric 
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transformer is formed of piezoelectric ceramic, such as PZT. 
However, similar characteristics canbe obtained even when a single 
crystal material, such as LiNbo 3 , is used, provided that the 
material exhibits a piezoelectric property. 

Furthermore, the sensor electrode is formed near the 
central portion of the piezoelectric transformer. However, in 
the case of using the 1/2 vibration mode, the sensor electrode 
can be formed in the range of L/8 or less from the central portion 
of the piezoelectric transformer (as shown in Fig. 17) when the 
length of the piezoelectric transformer is L . With this formation , 
it is possible to obtain an effect of not inhibiting the vibration 
of the piezoelectric transformer at the time of taking out the 
electrode and an effect of decreasing the output voltage value 
of the sensor electrode." Furthermore, in the case of using the 
X vibration mode, when the length of the piezoelectric 
transformer is L, the sensor electrode is formed in the range 
of L/8 or less from the center of the power generation portion 
thereof (as shown in Fig . 18) . With this formation , the vibration 
of the piezoelectric transformer is not inhibited at the time 
of taking out the electrode . Moreover , it is possible to decrease 
the output voltage value of the sensor electrode by forming the 
sensor electrode between the boundary of the drive portion and 
the power generation portion and the center of the power generation 
portion . 
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In addition, in another structure of the piezoelectric 
transformer of the present invention, the output of the sensor 
can be obtained by forming the sensor electrode between the 
secondary electrodes. Even in this case, similar effects can 
be obtained. 

Furthermore, in the case of the piezoelectric transformer 
of the present embodiment, if the sensor output is not required, 
the output from the sensor electrode can be used to control the 
output voltage of the piezoelectric transformer or can be taken 
out as an output in the case when a different voltage is required 
to be output. 

As clearly described above, the present embodiment has 
the advantage that overvoltage protection can be carried out at 
a voltage lower than a voltage used conventionally. 

(Embodiment 2) 

FIG. 5 is a perspective view showing the structure of a 
second embodiment of the piezoelectric transformer in accordance 
with the present invention. 

The piezoelectric transformer used for the present 
embodiment is formed of a piezoelectric material exhibiting a 
piezoelectric property, such as PZT, and the voltage applied to 
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its primary electrode is multiplied by a step-up ratio and taken 
out from its secondary electrode. Numeral 1 designates a low 
impedance portion, and numerals 101U and 101D designate primary 
electrodes. Numeral 2 designates a high impedance portion. 
Numeral 102 designates a secondary electrode. In addition, 
numeral 3 designates a sensor portion, and numerals 503Q and 503D 
designate sensor electrodes. As shown in FIG . 5, this 
piezoelectric transformer is electrically connected from the 
primary electrodes 101U and 101D provided on the top and bottom 
main faces of the low impedance portion, from the secondary 
electrode 102 provided on an end face of the piezoelectric 
transformer and from the sensor electrodes 503U and 503D. 

The present embodiment differs -from the embodiment 1 in 
that the sensor electrodes are formed in a region wherein the 
drive portion of the piezoelectric transformer is retracted from 
the end face of the piezoelectric transformer in the longitudinal 
direction, and that vibration energy is taken out by using the 
vibration of k31. By using the vibration of k31 in this way, 
the ratio of conversion from vibration energy into mechanical 
energy can be decreased, and the efficiency drop of the 
piezoelectric transformer due to the output from the sensor 
electrode can be prevented. In addition, the polarization 
direction of the sensor electrodes is identical with or opposite 
to that of the low impedance portion. Therefore, it is 
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advantageous in that polarization can be carried out easily. 

The lumped parameter approximate equivalent circuit at 
a frequency near the resonance frequency of the piezoelectric 
transformer is shown in FIG . 6. In FIG. 6, Cdl and Cd2 are bound 
capacitances on the input and output sides respectively. Cd3 
is the bound capacitance of the sensor portion. Al (on the input 
side) , A2 (on the output side) and A3 (at the sensor portion) 
are force factors, m is an equivalent mass, C is an equivalent 
compliance, and Km is an equivalent mechanical resistance. In 
the piezoelectric transformer of the present embodiment , the force 
factor Al is larger than A2 and A3 . The voltage is stepped up 
by the three equivalent ideal transformers shown in FIG. 6. 
Furthermore, since the piezoelectric transformer includes a 
series resonance circuit comprising an equivalent mass and an 
equivalent compliance, the output voltage and the sensor voltage 
become larger than those obtained by the transformation ratios 
of the transformers particularly when the value of a load 
resistance is large (this also occurs similarly in the case of 
the following embodiments') . 

The equivalent circuit of the embodiment 2 differs from 
that of the embodiment 1 in that the output of the sensor portion 
is represented by a single ideal transformer. As a result, the 
correlation between the output and the output of the sensor portion 



- 40 - 



is not close, whereby any desired output can be obtained easily. 

In addition, the sensor electrodes are formed on the main 
faces and near the end face of the piezoelectric transformer in 
the longitudinal direction thereof . However , in the case of using 
the X vibration mode, it is desirable that the sensor electrodes 
are formed between the primary and secondary electrodes . In this 
case, it is possible to obtain an effect wherein the excitation 
in the X vibration mode can be carry out more easily than that 
in the case when the sensor electrodes are formed near the end 
face . 

Furthermore, in the present embodiment , the piezoelectric 
transformer is formed of piezoelectric ceramic, such as PZT. 
However , similar characteristics canbe obtained even when a single 
crystal material, such as LiNbo 3 , is used, provided that the 
material exhibits a piezoelectric property. 

Furthermore, as shown in FIGS. 7A and 7B, in the case of 
using the X vibration mode, the sensor electrodes are formed 
in a region near the center of the drive portion of the piezoelectric 
transformer. By forming the sensor electrodes in this way, the 
electrodes can be taken out from a node of the vibration as show 
in FIG. 8, thereby not inhibiting the vibration of the 
piezoelectric transformer at the time of taking out the electrodes . 
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Furthermore, in the case of using the X/2 vibration mode, the 
electrodes are formed in a region near the center of the 
piezoelectric transformer in the longitudinal direction thereof 
as shown in FIG . 9. By forming the sensor electrodes in this 
way, the electrodes can be taken out from a node of the vibration 
as shown in FIG. 10, thereby not inhibiting the vibration of the 
piezoelectric transformer at the time of taking out the electrodes . 

Furthermore, a similar effect can be obtained even if the 
sensor portion has a multilayer structure. In addition, one of 
the sensor electrodes can be shared with one of the primary 
electrodes . 

Furthermore, in the present invention, the sensor portion 
can be formed so that the" output of the sensor can be obtained 
by the vibration of k31 even in the case of another structure 
of the piezoelectric transformer. Even in this case, a similar 
effect can be obtained. 

Furthermore , in the case of the piezoelectric transformer 
of the present embodiment, if the sensor output is not required, 
the output from the sensor electrode can be used to control the 
output voltage of the piezoelectric transformer or can be taken 
out as an output in the case when a different voltage is required 
to be output. 
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( Embodiment 3 ) 

FIG. 11A is a perspective view showing the structure of 
a third embodiment of the piezoelectric transformer in accordance 
with the present invention. FIG . 11B is a plan view showing the 
piezoelectric transformer viewed from the top face thereof. 

The piezoelectric transformer used for the present 
embodiment is formed of a piezoelectric material exhibiting a 
piezoelectric property, such as PZT, and the voltage applied to 
its primary electrodes is multiplied by a step-up ratio and taken 
out from its secondary electrode. The low impedance portion 
thereof is formed of primary electrodes lOlUand 101D . Inaddition, 
the high impedance portion is formed of a secondary electrode 
102 and one of the primary electrodes , and the secondary electrode 
102 is provided on the end face of the high impedance portion. 
Furthermore, numerals 113U and 1113D designate sensor electrodes . 
As shown inFIG. 11 , this piezoelectric transformer is electrically 
connected from the primary electrodes 101U and 101D provided on 
the top and bottom main faces of the low impedance portion, from 
the secondary electrode 102 provided on the end face of the 
piezoelectric transformer and via the sensor electrodes 103U and 
103D. 

The present embodiment differs from the embodiment 2 in 
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that the sensor electrodes are formed on the main faces of the 
piezoelectric transformer in the direction of the width thereof, 
and vibration is taken out by using the vibration of k31" . By 
independently changing the- vibration at the drive portion, the 
vibration at the sensor portion and the vibration at the power 
generation portion just as in the case of the present embodiment, 
the step-up ratio at the sensor portion and the step-up ratio 
at the output portion with respect to the input can be changed 
independently as desired, thereby offering an advantage. 

Furthermore, in the present embodiment , the piezoelectric 
transformer is formed of piezoelectric ceramic, such as PZT. 
However , similar characteristics canbe obtained even when a single 
crystal material, such as LiNbo 3 , is used, provided that the 
material exhibits a piezoelectric property. 

Furthermore, the sensor electrodes are formed only on the 
main faces of the piezoelectric transformer in the direction of 
the width thereof. However, it is possible to obtain a similar 
effect from a configuration wherein a sensor electrode 114U is 
formed in a comb shape and the other sensor electrode is shared 
with the primary electrode 101U as shown in FIG . 12. Although 
one of the sensor electrodes is shared with the primary electrode 
101U in the above-mentioned configuration, the configuration of 
this embodiment is not limited to this configuration. It is 
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possible to obtain a similar effect even when another comb-shaped 
electrode 114D is formed as shown in FIG . 13. 

Furthermore, the sensor electrodes are formed near the 
end face of the piezoelectric transformer in the longitudinal 
direction thereof . However, in the case of using the X vibration 
mode , it is desirable that the sensor electrodes are f ormedbetween 
the primary and secondary electrodes . In this case, it is possible 
to obtain an effect wherein the vibration in the X vibration 
mode can be performed more easily than the vibration in the case 
when the sensor electrodes are formed near the end face. 

Furthermore, in another structure of the piezoelectric 
transformer of the present invention, the sensor portion can be 
formed so that the sensor output can be obtained by the vibration 
of k31" . A similar effect can also be obtained even in this case . 

Furthermore, in the case of the piezoelectric transformer 
of the present embodiment, if the sensor output is not required, 
the output from the sensor electrode can be used to control the 
output voltage of the piezoelectric transformer or can be taken 
out as an output in the case when a different voltage is required 
to be output. 

(Embodiment 4) 
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FIG. 14A is a perspective view showing the structure of 
a fourth embodiment of the piezoelectric transformer in accordance 
with the present invention. FIG. 14B is a sectional view showing 
the piezoelectric transformer in the direction of the thickness 
thereof . 

The piezoelectric transformer used for the present 
embodiment is formed of a piezoelectric material exhibiting a 
piezoelectric property, such as PZT, and the voltage applied to 
its primary electrode is multiplied by a step-up ratio and taken 
out from its secondary electrode. The low impedance portion is 
formed of primary electrodes 121U and 121D, and has a structure 
wherein piezoelectric elements and internal electrodes are 
stacked alternatively. In addition, the high impedance portion 
is formed of a secondary "electrode 122 and one of the primary 
electrodes, 121D, and the secondary electrode 122 is provided 
on the end face of the high impedance portion. Furthermore, the 
electrode 123D provided on a part of the low impedance portion 
in the direction of the thickness thereof is one of the sensor 
electrodes . The other sensor electrode is shared with the primary 
electrode 121U. 

This piezoelectric transformer is electrically connected 
from the primary electrodes 121U and 121D stacked in the low 
impedance portion, from the secondary electrode 122 provided on 
the end face of the piezoelectric transformer and from the sensor 
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electrode 123D. 



The present embodiment differs from the embodiment 2 in 
that the primary electrodes are stacked, that the sensor electrode 
is formed on a part of the main face of a piezoelectric element 
109 in the direction of the thickness thereof in parallel with 
the primary electrodes so as not to affect the vibration in the 
longitudinal direction . 

The electric energy from the primary electrodes is 
converted into mechanical vibration to generate vibration. The 
portion wherein the sensor electrode is formed exhibits a 
piezoelectric property , but it is a load as viewed from the primary 
electrodes as shown in the equivalent circuit. Therefore , the 
efficiency can be prevented from dropping by making the drive 
portion of the piezoelectric transformer as large as possible. 
As a result, overvoltage protection for the output voltage can 
be attained, and the sensor electrode can prevent the efficiency 
of the conversion from lowering. 

Furthermore, in the present embodiment , the piezoelectric 
transformer is formed of piezoelectric ceramic, such as PZT. 
However , similar characteristics can be obtained even when a single 
crystal material, such as LiNbo3, is used, provided that the 
material exhibits a piezoelectric property. 
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Furthermore, in FIG. 14, the sensor electrode 123D, being 
equal to the primary electrodes in size, is formed on the main 
face in the longitudinal direction. However, a similar effect 
can be obtained even when a sensor electrode 221U is formed on 
a part of the main face in the direction of the thickness and 
the other part is used as a primary electrode 23 1U as shown in 
FIG. 15. In this configuration, the low impedance portion 
comprises the primary electrodes 231U and 232D , and piezoelectric 
elements andinternal electrodes are stackedalternatively . This 
configuration has a further advantage wherein the excitation in 
a desired mode at the primary electrodes is hardly inhibited, 
whereby the effect is significant. 

Furthermore, in the present embodiment, the thickness of 
the single layer in the low impedance portion formed of the stacked 
layers is identical with the thickness of the single layer of 
the sensor electrode . However, the thickness of the single layer 
in the low impedance portion may be different from the thickness 
of the single piezoelectric layer of the sensor portion. In 
addition, the sensor portion can have a multilayer structure. 

Furthermore, in the present embodiment, one of the sensor 
electrodes is shared with one of the primary electrodes . However , 
a similar effect can also be obtained even when the sensor portion 
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is formed so that the sensor electrodes are formed independently 
via an insulation layer as shown in FIG. 16. 

Furthermore, in the case of the piezoelectric transformer 
of the present embodiment, if the sensor output is not required, 
the output from the sensor electrode can be used to control the 
output voltage of the piezoelectric transformer or can be taken 
out as an output in the case when a different voltage is required 
to be output. 

Furthermore, in another structure of the piezoelectric 
transformer of the present invention, the sensor portion can be 
formed in a part of the stacked primary electrodes in the direction 
of the thickness. Even in this case, a similar effect can be 
obtained. 

As detailed above, in the piezoelectric transformer of 
the present invention, overvoltage protection at the time of the 
opening of the output terminal can be carried out at a relatively 
low voltage by providing the sensor electrodes. Furthermore, 
a highly reliable , compact piezoelectric inverter can be obtained 
by using the drive method of the present invention. Therefore, 
the effect is very significant in practical use. 

As clearly described above, the present invention has rhe 
advantage that overvoltage protection can be carried out at a 
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voltage lower than a voltage used conventionally. 

In the above described embodiments , it was explained that 
examples of using a low voltage in order to control the output 
voltage of the piezoelectric transformer can be used by carrying 
out the overvoltage control for the piezoelectric transformer 
by using a sensor electrode provided independently of the primary 
and secondary electrodes of the piezoelectric transformer. 
However, in the case when the sensor electrode is used in this 
way, the vibration of the piezoelectric transformer is detected 
by sensor electrode while overvoltage control is performed. 
Therefore , it is necessary to perform drive operationby preventing 
unnecessary vibration as much as possible . If the drive operation 
is improper, malfunctions may occur. 

Accordingly, an object of the present invention is to 
provide a compact, highly efficient, highly reliable cold cathode 
tube drive apparatus using a piezoelectric transformer by not 
routing high-voltage lines to a protection circuit and by 
preventing malfunctions due to unnecessary vibration of the 
piezoelectric transformer at the time of protecting the 
piezoelectric transformer against overvoltages . 

Embodiments of the present invention will be described 
below referring to the accompanying drawings. 
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(B First Embodiment) 
FIG. Bl is a block diagram showing the configuration of a cold 
cathode tube drive apparatus using a piezoelectric transformer 
in accordance with a B first embodiment of the present invention. 
Before describing the cold cathode tube drive apparatus shown 
in FIG. Bl, the structure and equivalent circuit of the 
piezoelectric transformer used for the apparatus will be described 
below referring to FIGS. B2 and B3 . 

FIGS. 2A and 2B are perspective and front views showing 
the structure of the piezoelectric transformer used for the present 
embodiment respectively . 

The piezoelectric transformer used for the present 
embodiment is made of a piezoelectric material exhibiting a 
piezoelectric property, such as PZT or the like. The voltage 
applied to its primary electrode is multiplied by a step-up ratio 
and taken out from its secondary electrode. In FIG. B2 , numeral 
1024 designates a sensor portion. Numeral 1025 designates a low 
impedance portion having a polarization structure in the thickness 
direction A of the piezoelectric transformer, and numerals 1021U 
and 102 ID designate a pair of primary electrodes disposed opposite 
to each other. Numeral 1026 designates a high impedance portion 
having a polarization structure in the longitudinal direction 
B of the piezoelectric transformer. Numeral 1022 designates a 
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secondary electrode, and it is provided at the end face of the 
high impedance portion 1026. In addition, numerals 1023U and 
1023D are a pair of sensor electrodes provided on a part of the 
low impedance portion 1025 in the direction of the thickness 
thereof, disposed opposite to the primary electrodes 1021U and 
1021D and also disposed opposite to each other. The sensor 
electrode 1023U and the primary electrode 1021U are connected 
to each other so that they are used as a common voltage reference 
electrode for the sensor electrode 1023D and the primary electrode 
1021D respectively . 

In the case of the piezoelectric transformer shown in FIG . B2 , 
the other secondary electrode is shared with the primary electrode 
1021U or the sensor electrode 1023U. 

In this piezoelectric transformer, as shown in FIG. B2 , 
an input voltage is applied across the primary electrodes 1021U 
and 1021D provided in the direction of the thickness of the low 
impedance portion 1025, and a stepped-up output voltage is taken 
out from the secondary electrode 1022 provided on the end face 
of the high impedance portion 102 6 in the longitudinal direction 
thereof. In addition, a voltage proportional to the output 
voltage is taken out across the sensor electrodes 1023U and 1023D 
provided in the low impedance portion 1025 in the direction of 
the thickness thereof. 
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Next, the equivalent circuit of the piezoelectric 
transformer configured as described above will be described. 

FIG. B3 is a lumped parameter approximate equivalent 
circuit at a frequency close to the resonance frequency of the 
piezoelectric transformer used for the present embodiment. In 
FIG. B3 , Cdl and Cd2 designate bound capacitances on the input 
and output sides respectively, Cs designates the bound capacitance 
of the sensor portion , Al (on the input side) and A2 (on the output 
side) designate force factors, As designates the force factor 
of the sensor portion, m designates an equivalent mass, C 
designates an equivalent compliance, and Rm designates an 
equivalent mechanical resistance. 

In the piezoelectrictransformer of the present embodiment , 
the force factor Al is larger than A2 (and As) . An equivalent 
ideal transformer having these two force factors, Al and A2 , is 
used to perform voltage step-up. In addition, since the 
piezoelectric transformer includes a series resonance circuit 
comprising the equivalent -mass m and the equivalent compliance 
C , the output voltage becomes a value larger than the value obtained 
by the transformation ratios of the transformers particularly 
when the value of the load resistance is large. 

Next, a cold cathode tube drive apparatus using the 
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piezoelectric transformer shown in FIG. B2 will be described 
referring to FIG. Bl . In FIG. Bl , numeral 1011 designates a 
piezoelectric transformer drive portion for driving a 
piezoelectric transformer 1020. The piezoelectric transformer 
drive portion 1011 comprises a variable oscillation circuit 1113 
for generating an AC signal, the frequency of which is variable, 
a waveform shaping circuit 1111 for eliminating high-frequency 
components from a pulse-like AC signal output from the variable 
oscillation circuit 1113 and for converting the signal into an 
AC signal close to a sine waveform signal, and a drive circuit 
1112 for voltage-amplifying the output of the waveform shaping 
circuit 1111 to a level enough to drive the piezoelectric 
transformer 102 0 and for applying the output to the primary 
electrode 1021D of the piezoelectric transformer 1020. The 
output voltage stepped "up by the piezoelectric effect of the 
piezoelectric transformer 1020 is taken out from the secondary 
electrode 1022. The primary electrode 1021U and the sensor 
electrode 1023U of the piezoelectric transformer 1020 are 
connected to the ground potential. 

The high voltage output from the secondary electrode 1022 
is applied to a series circuit comprising a cold cathode tube 
1017 and a feedback resistor 1018. In addition, the output from 
the sensor electrode 1023D is applied to an overvoltage protection 
circuit 1010. In the overvoltage protection circuit 1010, a 
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voltage divider circuit comprising voltage division resistors 
1019a and 1019b divides the high voltage output from the secondary 
electrode 1022 of the piezoelectric transformer 1020, and a 
comparison circuit 1015 compares the voltage obtained by the 
division at the voltage divider circuit with a set value Vrefl, 
and outputs an error voltage. The error voltage from the 
comparison circuit 1015 is applied to an oscillation control 
circuit 1014 . The oscillation control circuit 1014 controls the 
variable oscillation circuit 1113 so that the high voltage output 
from the secondary electrode 1022 of the piezoelectric transformer 
1020 is equal to Vrefl x (electric resistance value of the resistor 
1019a + electric resistance value of the resistor 1019b) / electric 
resistance value of the resistor 1019a. The oscillation control 
circuit 1014 does not accept the output from the overvoltage 
protection circuit 1010 "while the cold cathode tube 1197 is lit. 

Furthermore, the voltage (current detection value) 
generated across the feedback resistor 1018 by the current flowing 
through the series circuit comprising the cold cathode tube 1017 
and the feedback resistor TO 18 is applied to a comparison circuit 
1016 . The comparison circuit 1196 compares the current detection 
value with a set value Vref2 and outputs an error voltage. The 
error voltage output from the comparison circuit 1016 is applied 
to the oscillation control circuit 1014. The variable 
oscillation circuit 1113 is controlledby the oscillation control 
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circuit 1014 so that a nearly constant current flows through the 
cold cathode tube 1197 . 

As described above, the oscillation control circuit 1014 
has a switching means formed of a switching device or the like 
(not shown) , and carries out control operation on the basis of 
the output from comparison circuit 1015 before the lighting start 
of the cold cathode tube 1017 . After the lighting start, control 
operation is switched from the control operation on the basis 
of the output from the comparison circuit 1015 to the control 
operation on the basis of the output from the comparison circuit 
1016. 

Next , the operation of the fluorescent tube drive apparatus 
configured as described above will be described referring to FIG . 
B4. FIG. B4 shows the operation characteristics of the 
piezoelectric transformer 1020. The abscissa represents 
frequency, and the ordinate represents step-up ratio. FIG. B4A 
shows the operation characteristic of the piezoelectric 
transformer 1020 while the cold cathode tube is lit. FIG. B4B 
shows the operation characteristic of the piezoelectric 
transformer 102 0 before the cold cathode tube is lit. In FIG. 
B4, Tl is a curve indicating the step-up ratio between the primary 
electrode 1021D and the secondary electrode 1022, and SI is a 
curve indicating the step-up ratio between the primary electrode 
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1021D and the sensor electrode 1023D of the piezoelectric 
transformer. The output of the sensor electrode 1023D is about 
0.4 times the input voltage of the primary electrode 1021D. The 
resonance frequency, the inclinations and the like of the curve 
SI are nearly identical to those of the curve Tl. 



The voltage applied to the cold cathode tube 17 at the 
time of start, that is, before the lighting start of the cold 
cathode tube 1017, is a high voltage corresponding to the step-up 
ratio indicated by the curve Tl of FIG . B4B . First, the drive 
frequency at the time of start is set at a frequency fs higher 
than the frequency wherein the step-up ratio becomes its peak. 
The output voltage Vst corresponding to the input voltage and 
the step-up ratio is output from the secondary electrode 1022 
of the piezoelectric transformer 1020. The drive frequency is 
lowered progressively and the output voltage is increased until 
the output voltage reaches a desired voltage Vot (the lighting 
voltage of the cold cathode tube 1017) . When the output voltage 
of thepiezoelectric transformer 1020 reaches the lighting voltage 
Vot (at a drive f requency - f o) of the cold cathode fluorescent 
tube 1017, the cold cathode tube 1017 starts lighting. At this 
time, the output from the sensor electrode 1023D becomes a voltage 
Vos corresponding to the step-up ratio indicated by the curve 
SI. 
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When the cold cathode tube 1017 is lit, the operation 
characteristic of the piezoelectric transformer 1020 shifts from 
the step-up ratio curve shown in FIG. B4B to that shown in FIG. 
B4A. After this, drive control is carried out so that a 
predetermined current flows through the cold cathode tube 1017 . 
When the cold cathode tube 1017 is lit, the step-up ratio Tl between 
the primary electrode 1021D and the secondary electrode 1022 of 
the piezoelectric transformer 1020 lowers, and the step-up ratio 
SI between the primary electrode 1021D and the sensor electrode 
1023D also lowers in a similar way. As a result, the ratio between 
the step-up ratios Tl and SI remains almost constant before and 
after the lighting of the cold cathode tube 1017. 

Before the cold cathode tube 1017 is lit, the output load 
of the piezoelectric transformer 1020 is nearly infinite. 
Therefore, the piezoelectric transformer 1020 is apt to generate 
a high output voltage , whereby a high step-up ratio can be obtained . 
However, when the cold cathode tube 1017 is lit, the output load 
of the piezoelectric transformer 1020 lowers from an infinite 
value to about several hundred kQ . Therefore, the vibration 
width of the piezoelectric transformer 102 0 becomes smaller than 
that before the lighting start. Accordingly, Tl and SI decrease . 
In other words, a low voltage from the sensor electrode 1023D 
corresponding to the high voltage output from the secondary 
electrode 1022 is detected, whereby overvoltage protection can 
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be carried out for the output of the piezoelectric transformer 
1020. 

At this time, if the cold cathode tube 1017 is not lit 
even when the lighting start voltage Vot is reached, the load 
of the piezoelectric transformer 102 0 becomes virtually infinite . 
As a result, the drive frequency decreases, and a high voltage 
corresponding to the frequency of the curve Tl shown in FIG. B4B 
is output. Accordingly, the output voltage from the sensor 
electrode 1023D corresponding to the curve SI is detected by the 
voltage division resistors 1019a and 1019b, and the comparison 
circuit 15 compares the voltage value with the set value Vrefl 
corresponding to the lighting start voltage Vot at the secondary 
electrode 1022. The drive frequency is decreased and the output 
voltage is increased until" the voltage value obtained by dividing 
the output voltage from the sensor electrode 1023D reaches the 
set value Vrefl. However, when the voltage value obtained by 
dividing the output voltage from the sensor electrode 102 3D reaches 
the set value Vrefl, the comparison circuit 1015 stops frequency 
sweep at the variable oscillation circuit 1013 via the frequency 
control circuit 1014, whereby the drive frequency is fixed. 

In addition, while the cold cathode tube 1017 is lit, the 
overvoltage protection circuit 1010 stops its operation, and only 
the current control circuit comprising the feedback resistor 1018 
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and the comparison circuit 1016 operates. 

As described above, in the present embodiment, the output 
voltage of the sensor electrode 1023D is small, that is, about 
0.4 times the input voltage applied to the primary electrode of 
the piezoelectric transformer 1020. The sensor electrode 1023D 
detects the voltage in proportion to the output voltage obtained 
from the secondary electrode and supplies the voltage to the 
overvoltage protection circuit. Therefore, unlike the case of 
the conventional example, high voltage feedback is not necessary . 
It is thus not necessary to consider the routing of high voltage 
lines and creepage distances on a PC board. As a result, the 
overvoltage protection circuit can be prevented from 
malfunctioning due to stray capacitances , and the drive apparatus 
can be made compact. 

In addition, the step-up ratio of the piezoelectric 
transformer is increased before the lighting start of the cold 
cathode tube. Therefore, it is not necessary to connect voltage 
division resistors having large resistance values to the secondary 
electrode of the piezoelectric transformer, thereby preventing 
malfunctions due to variations in resistance values, parasitic 
capacitances with a PC board and the like. 

In the present embodiment, the piezoelectric transformer 
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is formedof piezoelectric ceramic such as PZT . However , a similar 
characteristic can be obtained even if a single crystal material , 
such as LiNbo3 is used, provided that the material exhibits a 
piezoelectric property. 

Furthermore, a similar effect can be obtained from a 
piezoelectric transformer (as shown in Figs. 1, 5, 7(a) , 7(b) , 
9, and 11 (a) to 14 (b) ) having other structure, provided that an 
electrode outputting a low voltage in proportion to the output 
voltage is used as a sensor electrode provided independently of 
the primary and secondary electrodes . 

(B Second Embodiment) 

FIG. B5 is a block diagram showing the configuration of 
a cold cathode tube drive apparatus using a piezoelectric 
transformer in accordance with a B second embodiment of the present 
invention. The piezoelectric transformer used for the present 
embodiment has sensor electrodes provided independently of the 
primary and secondary electrodes thereof, just as in the case 
of the B first embodiment.- The structure (FIG. B2) , the lumped 
parameter approximate equivalent circuit (FIG. B3) at a frequency 
near the resonance frequency and the operation characteristic 
(FIG. B4) of the piezoelectric transformer are also similar to 
those of the B first embodiment; therefore, the explanations of 
these are omitted. However, the present embodiment differs from 
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the B first embodiment in the drive method for the piezoelectric 
transformer 1020 and the configuration of the overvoltage 
protection circuit . 

In FIG . B5, a first AC voltage VI is applied from a drive 
circuit 1112 to the primary electrode 1021U and the sensor 
electrode 1023U of the piezoelectric transformer 1020 . A second 
AC voltage V2 is applied from the drive circuit 1112 to a primary 
electrode 1021D. When the AC signals VI and V2 are applied to 
the primary electrodes 21U and 21D respectively , a high voltage 
is outpur from the secondary electrode 1022 of the piezoelectric 
transformer 102 0 just as in the case of the B first embodiment. 

The high voltage output from the -secondary electrode 1022 
is applied to a series circuit comprising a cold cathode tube 
1017 and a feedback resistor 1018. In addition, an output Vs 
from a sensor electrode 1023D and the voltage applied to the sensor 
electrode 1023U disposed opposite to the sensor electrode 1023D 
to form a pair, that is, the input voltage VI to the piezoelectric 
transformer 1020, are applied to the difference circuit 1056 of 
an overvoltage protection circuit 1050. The input voltage VI 
is herein used as the reference voltage for the output Vs from 
the sensor electrode 1023D. In the overvoltage protection 
circuit 1050, the difference circuit 1056 outputs the difference 
value between the voltage VI applied to the sensor electrode 1023U 
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and the output voltage Vs from the sensor electrode 1023D. A 
comparison circuit 55 compares the difference value with a set 
value Vrefl and outputs an error voltage. The output from the 
comparison circuit 1055 is applied to an oscillation control 
circuit 1014. The oscillation control circuit 1014 controls a 
variable oscillation circuit 1113 so that the high voltage output 
from the secondary electrode 1022 of thepiezoelectric transformer 
102 0 is prevented from becoming higher than the set voltage. 

Furthermore, the voltage (current detection value) 
generated across the feedback resistor 1018 by the current flowing 
through the series circuit comprising the cold cathode tube 1017 
and the feedback resistor 1018 is applied to a comparison circuit 
1016 . The comparison circuit 1016 compares the current detection 
value with a set value Vref2 and outputs an error voltage. The 
output from the comparison circuit 1016 is applied to the 
oscillation control circuit 1014. The oscillation control 
circuit 1014 controls the variable oscillation circuit 1113 so 
that a nearly constant current flows through the cold cathode 
tube 1017. 

As described' above , the oscillation control circuit 1014 
has a switching means formed of a switching device or the like 
(not shown) , and carries out control operation on the basis of 
the output from the comparison circuit 1055 before the lighting 
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start of the cold cathode tube 1017. After the lighting start, 
control operation is switched from the control operation on the 
basis of the output from the comparison circuit 1055 to the control 
operation on the basis of the output from the comparison circuit 
1016. 

As described above, the present embodiment differs from 
the B first embodiment in the configuration of the overvoltage 
protection circuit. In the case of the present embodiment, the 
difference circuit 105 6 detects the difference value between the 
output from the sensor electrode 1023D and the voltage applied 
to the sensor electrode 1023U, that is, the input voltage applied 
to the piezoelectric transformer 1020. The difference value is 
used for overvoltage protection. In the case when the level of 
the voltage generating between the sensor electrodes 1023D and 
1023U is low , the detection voltage can be amplified by an amplifier 
circuit as necessary. 

In the present embodiment, the piezoelectric transformer 
is f ormedof piezoelectric ceramic such as PZT . However , a similar 
characteristic can be obtained even if a single crystal material , 
such as LiNbo 3 is used, provided that the material exhibits a 
piezoelectric property. 

Furthermore, a similar effect can be obtained from a 
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piezoelectric transformer having other structure, provided that 
an electrode outputting a low voltage in proportion to the output 
voltage is used as a sensor electrode provided independently of 
the primary and secondary , electrodes . 

(B Third Embodiment) 

FIG . B6 is a block diagram showing the configuration of 
a part of a cold cathode tube drive apparatus using a piezoelectric 
transformer in accordance with a B third embodiment of the present 
invention, that is, the configuration around a piezoelectric 
transformer drive portion 1011. The piezoelectric transformer 
used for the present embodiment has a sensor electrode provided 
independently of the primary and secondary electrodes thereof, 
just as in the case of the B first embodiment. The structure 
(FIG. B2) , the lumped parameter approximate equivalent circuit 
(FIG. B3) at a frequency near the resonance frequency and the 
operation characteristic (FIG. B4) of the piezoelectric 
transformer are also similar to those of the B first embodiment; 
therefore, the explanations of these are omitted. 

In FIG. B6, a DC power source (not shown) and a capacitor 
1061 are connected to an input terminal 1065 . The primary windings 
1062a-l and 1062b-l of electromagnetic transformers 1062a and 
1062b for voltage amplification are connected to switching 
transistors 1063a and 1063b for constituting switching circuits , 
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respectively. These two series circuits are connected in 
parallel with the capacitor 1061. 

One of the primary electrodes , 1021U f and one of the sensor 
electrodes, 1023U, of a piezoelectric transformer 1020 are 
grounded, and the other primary electrode 1021D is connected to 
one of the terminals of the secondary winding 1062b-2 of the 
electromagnetic transformer 1062b. The other terminal of the 
secondary winding 1062b-2 of the electromagnetic transformer 
1062b is connected to one of the terminals of the secondary winding 
1062a-2 of the electromagnetic transformer 1062a. The other 
terminal of the secondary winding 1062a-2 is grounded. 

By virtue of the configuration- of the piezoelectric 
transformer driveportiohlOll described above , theDCpower source 
supplied to the primary windings 1062a-l and 1062b-l of the 
electromagnetic transformers 1062a and 1062b is switched by the 
switching transistors 1063a and 1063b respectively at a 
predetermined frequency on the basis of the control signal from 
an oscillation control circuit 1014. Therefore, stepped-up AC 
voltages are generated at the series-connected secondary windings 
1062a-2 and 1062b-2 of the electromagnetic transformers 1062a 
and 1062b respectively, and the voltages are used in series to 
drive the piezoelectric 'transformer 1020. 
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The secondary electrode 1022 of the piezoelectric 
transformer is connected to a series circuit comprising a load 
1060 (a cold cathode tube for example) and a feedback resistor 
1064. The voltage generated across the feedback resistor 1064 
by the current flowing thorough this series circuit is sent as 
a current detection value to such an oscillation control circuit 
1014 as that shown in FIG. Bl or B5 . 

In addition, a sensor electrode 1023D is connected to a 
voltage divider circuit comprising voltage division resistors 
1019a and 1019b. The voltage applied to the voltage division 
resistor 1019a is sent to the overvoltage protection circuit shown 
in FIG. Bl or B5 . 

The on/off frequency of the switching transistors 1063a 
and 1063b is set by the control signal from the oscillation control 
circuit 14 at a frequency near the frequency in the primary mode 
of vertical vibration in the longitudinal direction wherein the 
half wavelength of the frequency signal is equal to the overall 
length of the piezoelectric transformer 1020. 

FIG. B7 shows a displacement distribution and a stress 
distribution in the case when an resonator 1071 corresponding 
to a piezoelectric element 1029 is operated in the primary mode 
of vertical vibration in the longitudinal direction . The voltage 
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waveform input to the primary electrode 1021D of the piezoelectric 
transformer 1020 can be brought close to a sine waveformby setting 
the resonance frequency of a series circuit comprising the inductor 
of the secondary winding 1062a-2 of the electromagnetic 
transformer 1062a, the inductor of the secondary winding 1062b-2 
of the electromagnetic transformer 1062b and the capacitance 
between the primary electrodes 1021Uandl021D of the piezoelectric 
transformer 1020 at a frequency near the resonance frequency of 
the piezoelectric transformer 1020. In addition, a desired 
stepped-up sine waveform voltage is output from the secondary 
electrode 1022 of the piezoelectric transformer 1020 by carrying 
out predetermined switching control for the switching transistors 
1063a and 1063b and by inputting a sine waveform signal to the 
piezoelectric transformer 1020. 

In the case when a Rosen-type piezoelectric transformer 
is driven by a sine waveform signal, the half wavelength of which 
corresponds to the overall length of the piezoelectric transformer , 
the frequency components of the signal include secondary , tertiary 
and other harmonics in addition to the fundamental frequency 
component. In particular,, the secondary mode of vertical 
vibration in the longitudinal direction is excitedby the secondary 
harmonic components , thereby deforming the waveform of the output 
voltage and lowering the reliability of the piezoelectric 
transformer element and load. In this way, the excitation in 
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the multi-modes including numerous harmonic components may cause 
malfunctions when the sensor electrode 1023D performs overvoltage 
protection. 

However, in the present embodiment, the two 
electromagnetic transformers 1062a and 1062b and the two switching 
transistors 1063a and 1063b are used to drive the piezoelectric 
transformer 1020, whereby the even-numbered-order harmonic 
components of the switching frequency components included in the 
input voltage to the piezoelectric transformer 1020 can be 
decreased, and the unnecessary vibration of the piezoelectric 
transformer 1020 can be prevented. As a result, the sensor 
electrode 1023D does not detect any unnecessary vibration. 
Therefore, the drive apparatus is prevented from malfunctioning 
due to signal components other than desired frequency components . 

Furthermore, a similar effect can be obtained from a 
piezoelectric transformer having other structure, provided that 
an electrode outputting a low voltage in proportion to the output 
voltage is used as a sensor electrode provided independently of 
the primary and secondary electrodes . 

(B Fourth Embodiment) 

FIG. B8 is a block diagram showing the configuration of 
a part of a cold cathode tube drive apparatus using a piezoelectric 
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transformer in accordance with aB fourth embodiment of the present 
invention, that is, the configuration around a piezoelectric 
transformer drive portion 1011. The piezoelectric transformer 
used for the present embodiment has a sensor electrode provided 
independently of the primary and secondary electrodes thereof, 
just as in the case of the B first embodiment. The structure 
(FIG. B2) , the lumped parameter approximate equivalent circuit 
(FIG. B3) at a frequency near the resonance frequency and the 
operation characteristic (FIG. B4) of the piezoelectric 
transformer are also similar to those of the B first embodiment; 
therefore, the explanations of these are omitted. 

The present embodiment differs from the B third embodiment 
in that a half-wave sine waveform voltage signal, one wavelength 
of which is equal to the" overall length of the piezoelectric 
transformer, is applied to the piezoelectric transformer by using 
one electromagnetic transformer and one switching transistor to 
drive the piezoelectric transformer and by using the secondary 
mode of vertical vibration in the longitudinal direction as a 
vibration mode. This difference will be described below. 

In FIG. B8 , a DC power source (not shown) is connected 
to an input terminal 1065, and a capacitor 1061 is also connected 
thereto. One series circuit comprising the primary winding 
1082-1 of an electromagnetic transformer 1082 for voltage 
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amplification and a switching transistor 1083 constituting a 
switching circuit is connected in parallel with the capacitor 
1061. 

By virtue of the configuration of the piezoelectric 
transformer driver portion 1011 described above, the DC power 
source supplied to the primary winding 1082-1 of the 
electromagnetic transformer 1082 is switched by the switching 
transistor 1083 at a predetermined frequency on the basis of the 
control signal from an oscillation control circuit 1014. 
Therefore , a stepped-up AC voltage is generated at the secondary 
winding 1082-2 of the electromagnetic transformer 1082 , and this 
voltage is used to drive the piezoelectric transformer 1020. 

The on/off frequency of the switching transistor 1083 is 
set by the control signal from the oscillation control circuit 
14 at a frequency near the frequency in the secondary mode of 
vertical vibration in the longitudinal direction wherein the one 
wavelength of the frequency signal is equal to the overall length 
of the piezoelectric transformer 1020. 

FIG. B9 shows a displacement distribution and a stress 
distribution in the case when an resonator 1091 corresponding 
to a piezoelectric element 1029 is operated in the secondary mode 
of vertical vibration in the longitudinal direction. A desired 
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stepped-up sine waveform voltage is output from the secondary 
electrode 1022 of the piezoelectric transformer 1020 by carrying 
out predetermined switching control for the switching transistors 
1083 and by inputting a half-wave sine waveform to the 
piezoelectric transformer 1020. 

In the case when a Rosen-type piezoelectric transformer 
is driven by a half-wave sine waveform signal, the frequency 
components of the signal include secondary, tertiary and other 
harmonics in addition to the fundamental frequency component. 
However f the Rosen- type piezoelectric transformer does not excite 
the quaternary mode of vertical vibration in the longitudinal 
direction for the secondary harmonic components. Therefore, 
unnecessary vibrationhardly occurs , andthe waveform of the output 
voltage becomes a sine "waveform . 

Furthermore, in the case when the piezoelectric 
transformer drive portion 1011 comprises one set of the 
electromagnetic transformer 1082 and the switching transistor 
10 83 and when the piezoelectric transformer is driven in the 
secondary mode of vertical vibration in the longitudinal direction, 
unnecessary resonance does not occur. Therefore, the sensor 
electrode 1023D can detect a desired vibration. 

Furthermore, the number of components, such as switching 
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devices, inductive devices and the like , for the present embodiment 
can be made less than that for the B third embodiment. This effect 
of the reduction is very significant. 

An electromagnetic transformer is used as an inductive 
device in the present embodiment. However, by using an inductor 
instead of the electromagnetic transformer , by using the electrode 
opposite to the sensor electrode as a ground electrode, and by 
using a configuration similar to that of the present embodiment, 
the apparatus can be made more compact, and an effect similar 
to that of the present embodiment can be obtained. Therefore, 
the effect is significant. 

Furthermore, a similar effect "can be obtained from a 
piezoelectric transformer having other structure, provided that 
an electrode outputting a low voltage in proportion to the output 
voltage is used as a sensor electrode provided independently of 
the primary and secondary electrodes . 

(B Fifth Embodiment) 

In the present embodiment, a cold cathode tube drive 
apparatus using a piezoelectric transformer will be described 
below referring to FIGS . BIO to B14 by paying attention to the 
inequality relationship between the impedance (l/(o> • Cd2) ) 
calculated from the output capacitance (Cd2: corresponding to 
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a bound capacitance shown in FIG . 3) at the secondary electrode 
of the piezoelectric transformer and the impedance of a load (a 
cold cathode tube) and the inequality relationship between the 
impedance (1/ ( co • Cs) ) calculated from the capacitance between 
the sensor electrodes (Cs: corresponding to a bound capacitance 
shown in FIG. 3) and the impedance of a load connected to the 
sensor electrode. 

The piezoelectric transformer used for the present 
embodiment has sensor electrodes provided independently of the 
primary and secondary electrodes of the transformer, just as in 
the case of the B first embodiment. 

In the piezoelectric transformer of the present embodiment, 
the force factor Al is larger than A2 ("A3) , and voltage step-up 
is carried out by the two equivalent ideal transformers shown 
in FIG . B3 . In addition, the piezoelectric transformer includes 
a series resonance circuit comprising an equivalent mass and an 
equivalent compliance. Therefore, particularly when the value 
of the load resistor is large, the output voltage becomes larger 
than the value obtained on the basis of the transformation ratios 
of the transformers . 

The voltage output from the sensor electrode 1023D of the 
piezoelectric transformer 1020 is determinedby the load connected 
to the sensor electrode 1023D, and the voltage output from the 
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secondary electrode 1022 is determined by the load connected to 
the secondary electrode 1022, Furthermore, in order that the 
output from the secondary electrode 1022 of the piezoelectric 
transformer can be monitored by the sensor electrode 1G23D, the 
change of the step-up ratio at the sensor electrode 1023D is 
required to coincide with that at the secondary electrode 1022. 

FIGS . BIO to B13 show the step-up ratio between the primary 
and secondary electrodes and the step-up ratio between the primary 
electrode and the sensor electrode of the piezoelectric 
transformer with respect to frequency. 

First, a case is assumed wherein the inequality 
relationship between the impedance (1/ ( co • Cd2) ) calculated from 
the output capacitance *at the secondary electrode of the 
piezoelectric transformer and the impedance of the load (the cold 
cathode tube) differs from the inequality relationship between 
the impedance (1/ (co * Cs) ) calculated from the capacitance between 
the sensor electrodes (Cs : corresponding to the bound capacitance 
shown in FIG . 3) and the impedance of the load connected to the 
sensor electrode. FIGS . 10 and 11 show the frequency 
characteristics of the step-up ratio before and after the lighting 
start of the cold cathode tube in the above-mentioned case, 
respectively . 
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In the case of FIG. BIO, the impedance calculated from 
the output capacitance Cd2 of the piezoelectric transformer is 
1/ (co • Cd2) , and this value is several hundred kQ . The output 
load of the piezoelectric transformer is in a nearly open state 
before the lighting start of the cold cathode tube (the load is 
herein assumed to be a resistor of 6 MQ) , and the inequality 
relationship between these values becomes the relationship 
represented by expression 1 described below. 

(Expression 1) 

The impedance calculated from the output capacitance of 
the piezoelectric transformer < the impedance of the load 

On the other hand, it is assumed that a resistor of 1 k 
Q, a load smaller than the impedance calculated by l/(a>Cs), 
is connected to the sensor electrode.. 

In this case, the-inequality relationship between the two 
values becomes the relationship represented by expression 2 
described below. 

(Expression 2) 

The impedance calculated from the capacitance between the 
sensor electrodes > the impedance of the load of the sensor 
electrode 

Herein, co is represented by co = 2 x k x fd, and fd 
designates the resonance frequency of the piezoelectric 
transformer. In FIG. BIO, T10 designates the step-up ratio at 
the secondary electrode of the piezoelectric transformer, and 
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S10 designates the step-up ratio at the sensor electrode. 
Furthermore, in FIG. Bll, the output load of the piezoelectric 
transformer is a resistor of 100 JcQ after the lighting start 
of the cold cathode tube. -Til designates the step-up ratio at 
the secondary electrode, and Sll designates the step-up ratio 
at the sensor electrode. 

Accordingly, regarding the above-mentioned inequality 
relationship between the impedance obtained by the calculation 
and the impedance of the load, the expression 1 and the expression 
2 represent inequality relationships different from each other. 
In this case, the following problem occurs. 

That is to say, in order that overvoltage control can be 
carried out at the time of the opening' of the output terminals 
of the piezoelectric transformer (before the lighting start of 
the coldcathode tube) , the frequency characteristic of the step-up 
ratio at the secondary electrode is required to be identical with 
that at the sensor electrode as described above. 

On the other hand, in the case when a load (1 kQ) 
sufficiently smaller than the load calculated by l/(coCs) is 
connected to the sensor electrode as shown in FIGS . BIO and Bll, 
the output from the sensor electrode corresponds to the load of 
the sensor electrode. Therefore, the vibration of the 
piezoelectric transformer depends on the load of the sensor 
electrode, whereby disparities in frequency characteristics 
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occur between T10 and S10 and between Til and Sll. Particularly 
when the frequencies corresponding to the peaks do not coincide 
with each other , overvoltage control using the sensor electrode 
becomes difficult. 

Next r FIGS . B12 and B13 show the frequency characteristics 
of the step-up ratios before and after the lighting start of the 
cold cathode tube, respectively, in the case when the inequality 
relationship between the impedance (1/ ( co * Cd2) ) calculated from 
the output capacitance at the secondary electrode of the 
piezoelectric transformer and the impedance of the load (the cold 
cathode tube) coincides with the inequality relationship between 
the impedance calculated from the capacitance between the sensor 
electrodes and the impedance of the load "connected to the sensor 
electrode . 

In FIG. B12, the output load of the piezoelectric 
transformer is 6 MQ just as in the case of FIG . BIO. In this 
case, as described above, the relationship represented by the 
expression 1 described below is obtained. 

(Expression 1) 

The impedance calculated from the output capacitance of 
the piezoelectric transformer < the impedance of the load 

On the other hand, the loadconnected to the sensor electrode 
is assumed to be 30 kQ , that is, an impedance sufficiently larger 
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than the impedance calculated by l/(o>Cs). 

In this case, the inequality relationship between the two 
values becomes the relationship represented by the expression 
3 described below. 

(Expression 3) 

The impedance calculated from the capacitance between the 
sensor electrodes < the resistance of the load of the sensor 
electrode 

Herein, T12 designates the step-up ratio at the secondary 
electrode, and S12 designates the step-up ratio at the sensor 
electrode. Furthermore, in FIG . B13 , the output load of the 
piezoelectric transformer is a resistor of 100 kQ just as in 
the case of FIG. Bll. T13 designates the step-up ratio at the 
secondary electrode, and S13 designates the step-up ratio at the 
sensor electrode. 

Accordingly, in this case, regarding the above-mentioned 
inequality relationship between the impedance obtained by the 
calculation and the impedance of the load, the expression 1 and 
the expression 3 represent inequality relationships identical 
to each other. The following effect is thus delivered. 

That is to say, in the case when a large load is connected 
to the secondary electrode of the piezoelectric transformer in 
accordance with the load obtained at the time of the opening of 
the output terminals of the piezoelectric transformer, energy 
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transmission from thepiezoelectric transformer is mainly carried 
out from the secondary electrode and less affected by the load 
of the sensor electrode as shown in FIGS . B12 and B13 . Therefore , 
unlike the cases shown in_FIGS. BIO and Bll, the frequency 
corresponding to the pea-k value of the step-up ratio at the 
secondary electrode coincides with the frequency corresponding 
to the peak value of the step-up ratio at the at the sensor electrode , 
whereby overvoltage control is made possible. 

As described above, the load connected to the sensor 
electrode is determined so that the relationship (refer to the 
expression 1) between the output capacitance at the secondary 
electrode of the piezoelectric transformer and the load connected 
to the secondary electrode is equal to- the relationship (refer 
to the expression 3) between the capacitance between the sensor 
electrodes and the load connected to the sensor electrode. 
Therefore, the overvoltage at the secondary electrode of the 
piezoelectric transformer can be controlled by the sensor 
electrode . 

However, when it is assumed that the load connected to 
the sensor electrode of thepiezoelectric transformer is a resistor 
having a high impedance, a sufficient effect can be obtained in 
view of preventing the reduction of energy transmission from the 
primary side to the secondary side. However, the overvoltage 
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protection circuit may malfunction owing to variations in 
resistance values, parasitic capacitances to a PC board and the 
like, just as in the case when resistors are connected to the 
secondary electrode of the piezoelectric transformer in the 
conventional example. A solution to this problem will thus be 
described next. 

FIG. B14 shows the relationship between the load connected 
to the sensor electrode and the difference between the frequency 
at the peak of the step-up ratio at the secondary electrode and 
that at the sensor electrode. As known from FIG. B14, when the 
magnitude of the load of the sensor electrode changes, the 
difference between the frequencies at the peaks of the step-up 
ratios also changes. However, by setting the load connected to 
the sensor electrode at least at double the impedance calculated 
by l/o>Cs ( co = 2 x k x fd, wherein Cs is the capacitance between 
the pair of sensor electrodes, the frequency at the peak of the 
step-up ratio at the secondary electrode can be made nearly equal 
to that at the sensor electrode. Therefore, the overvoltage 
protection for the piezoelectric transformer can be carried out. 

The above descriptions deal with the cases wherein both 
the load at the secondary electrode of the piezoelectric 
transformer and the load connected to the sensor electrode are 
resistors . However, the loads are not limited to resistors . For 
example, a load formed of a resistor and a capacitor connected 
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in parallel may also be used for one or both of the loads. Even 
in such cases, an effect similar to that . described above is 
delivered because of the same reason as that described above. 

(B Sixth Embodiment) 

FIG. B15 is a block diagram showing the configuration of 
a part of a cold cathode tube drive apparatus using a piezoelectric 
transformer in accordance with a B sixth embodiment of the present 
invention, that is, the configuration around a piezoelectric 
transformer drive portion 1011. The piezoelectric transformer 
used for the present embodiment has sensor electrodes provided 
independently of the primary and secondary electrodes thereof, 
just as in the case of the B first embodiment. The structure 
(FIG. B2) , the lumped parameter approximate equivalent circuit 
(FIG. B3) at a frequency "near the resonance frequency and the 
operation characteristic (FIG. B4) of the piezoelectric 
transformer are also similar to those of the B first embodiment; 
therefore, the explanations of these are omitted. The present 
embodiment differs from the B third embodiment shown in FIG . B6 
in the method of driving the piezoelectric transformer and the 
configuration of the overvoltage protection circuit. 

In FIG. B15, a DC power source (not shown) and a capacitor 
1061 are connected to an input terminal 10 65. The primary windings 
1062a-l and 1062b-l of electromagnetic transformers 1062a and 
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1062b for voltage amplification are connected to switching 
transistors 1063a and 1063b for constituting switching circuits r 
respectively to form two series circuits. These two series 
circuits are connected in -parallel with the capacitor 1061. 

One of the primary electrodes, 1021U, of a piezoelectric 
transformer 1020 and one of the sensor electrodes r 1023U, thereof 
are connected to one of the terminals of the secondary winding 
1062b-2 of the electromagnetic transformer 1062b. The other 
terminal of the secondary winding is grounded. In addition, the 
other primary electrode 1021D of the piezoelectric transformer 
1020 is connected to one of the terminals of the secondary winding 
1062a-2 of the electromagnetic transformer 1062a. The other 
terminal of the secondary winding is grounded. 

By virtue of the configuration of the piezoelectric 
transformer drive portion 1011 described above , theDCpower source 
supplied to the primary windings 1062a-l and 1062b-l of the 
electromagnetic transformers 1062a and 1062b is switched by the 
switching transistors 1063a and 1063b respectively at a 
predetermined frequency on the basis of the control signal from 
an oscillation control circuit 1014. Therefore, stepped-up AC 
voltages are generated at the secondary windings 1062a-2 and 
1062b-2 of the electromagnetic transformers 1062a and 1062b 
respectively, and the voltages are used in parallel to drive the 
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piezoelectric transformer 1020. 



The secondary electrode 1022 of the piezoelectric 
transformer 1020 is connected to a series circuit comprising a 
load 1060 (a cold cathode tube for example) and a feedback resistor 
1064. The voltage generated across the feedback resistor 1064 
by the current flowing thorough this series circuit is sent as 
a current detection value to such an oscillation control circuit 
1014 as that shown in FIG. Bl or B5 . 

In addition, the detection voltage from a sensor electrode 
1023D is supplied to one of the inputs of a difference circuit 
1056. The input voltage applied to the sensor electrode 1023U 
and the primary electrode 1021U is supplied to the other input 
of the difference circuit 1056. The difference value from the 
difference circuit 1056 is sent to the comparison circuit 1055 
of such an overvoltage protection circuit 1050 as that shown in 
FIG. B5. 

Just as in the case of the B third embodiment, the on/off 
frequency of the switching transistors 1063a and 1063b is set 
by the control signal from the oscillation control circuit 14 
at a frequency near the frequency in the primary mode of vertical 
vibration in the longitudinal direction wherein the half 
wavelength of the frequency signal is equal to the overall length 
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of the piezoelectric transformer 1020. 

The voltage waveform input to the primary electrodes 1021U 
and 1021D of the piezoelectric transformer 1020 can be brought 
close to a sine waveform by setting the resonance frequency of 
a series circuit comprising the inductor of the secondary winding 
1062a-2 of the electromagnetic transformer 1062a, the inductor 
of the secondary winding 10 62b-2 of the electromagnetic 
transformer 1062b and the capacitance between the primary 
electrodes 1021U and 1021D of the piezoelectric transformer 1020 
at a frequency near the resonance frequency of the piezoelectric 
transformer 1020. In addition, a desired stepped-up sine 
waveform voltage is output from the secondary electrode 1022 of 
the piezoelectric transformer 1020 by carrying out predetermined 
switching control for the switching transistors 1063a and 1063b 
and by inputting a sine waveform signal to the piezoelectric 
transformer 1020, 

In the case when a Rosen-type piezoelectric transformer 
is driven by a sine waveform signal, the half wavelength of which 
corresponds to the overall length of the transformer , the frequency 
components of the signal include secondary, tertiary and other 
harmonics in addition to the fundamental frequency component. 
In particular, the secondary mode of vertical vibration in the 
longitudinal direction is excited by the secondary harmonic 
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components, thereby deforming the waveform of the output voltage 
and lowering the reliability of the piezoelectric transformer 
element and load. In this way, the excitation in the multi-modes 
including numerous harmonic components may cause malfunctions 
when the sensor electrode 1023D performs overvoltage protection. 

However, in the present embodiment, the two 
electromagnetic transformers 1062a and 1062b and the two switching 
transistors 1063a and 1063b are used to drive the piezoelectric 
transformer 1020, whereby the even-numbered-order harmonic 
components of the switching frequency components included in the 
input voltage to the piezoelectric transformer 1020 can be 
decreased, and the unnecessary vibration of the piezoelectric 
transformer 1020 can be prevented. As .a result, the sensor 
electrode 1023D does not detect any unnecessary vibration* 
Therefore, the drive apparatus is prevented from malfunctioning 
due to signal components other than desired frequency components . 

In the present embodiment, electromagnetic transformers 
are used as inductive devices. However, a similar effect can 
be obtained even when the inductive devices are formed of inductors 
or autotransformer structures. 

Furthermore, a similar effect can be obtained from a 
piezoelectric transformer having other structure, provided that 
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an electrode outputting a low voltage in proportion to the output 
voltage is used as a sensor electrode provided independently of 
the primary and secondary electrodes. 

The above-mentioned embodiment of the present invention 
has been described by using the piezoelectric transformer having 
the structure shown in FIG, B2 . However, it is possible to use 
a piezoelectric transformer provided with an insulation layer 
1160 disposed between primary electrodes 1 1 61U and 1161D and sensor 
electrodes 1163U and 1163D for example as shown in FIG . B16 . Herein, 
numeral 1162 designates a secondary electrode, numeral 1164 
designates a sensor portion, and numeral 1165 designates a low 
impedance portion and numeral 1166 designates a high impedance 
portion. In the case of the piezoelectric transformer shown in 
FIG, B16, it is not necessary to use one of the primary electrodes 
as a voltage reference electrode (ground electrode) . Therefore, 
the drive circuit for the piezoelectric transformer can be 
configured just like the conventional drive circuit. 

In the case when the piezoelectric transformer shown in 
FIG. 16 is used in the circuit shown in FIG. 1 , the other secondary 
electrode of piezoelectric transformer is sharedwith the primary 
electrode 1161D or the sensor electrode 1163U. 

As detailed above , in the cold cathode tube drive apparatus 
using a piezoelectric transformer in accordance with the present 
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invention , the piezoelectric transformer is provided with sensor 
electrodes provided independently of the primary and secondary 
electrodes . Therefore, overvoltage protection at the secondary 
side of the piezoelectric transformer, in which a high voltage 
generates before the lighting start of the cold cathode tube, 
can be carried out by using a relatively low voltage from the 
sensor electrode. In addition, the vibration of the 
piezoelectric transformer can easily be fed back by the sensor 
electrode. As a result, at the time of protecting the 
piezoelectric transformer against overvoltage, routing 
high-voltage lines to the protection circuit can be eliminated, 
and the malfunction of the drive apparatus owing to the unnecessary 
vibration of the piezoelectric transformer can be prevented. It 
is thus possible to provide a compact, highly efficient, highly 
reliable cold cathode tube drive apparatus using a piezoelectric 
transformer. The effect- is significant in practical use. 
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